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One characteristic of titanium alloys is that they are prone to creep at low temperatures (<0.25Tm) and at low 
stresses [9-11].  Creep can cause failure in components by a change in dimension which exceeds the allowable 
tolerance[11-18]; oftentimes, components that depend heavily on titanium, such as aircraft landing gear, require 
precise part tolerances so predicting low temperature creep becomes very important.  Creep in α-titanium 
alloys has been primarily explained by slip [15].  However, in comparison with α-titanium, studies of low 
temperature creep in β and near-β alloys have been very limited with a few exceptions [19-25], and the 
deformation mechanisms consist of primarily slip with some twinning in large grain sized alloys.  Creep studies 
of two-phase titanium alloys have primarily concerned commercial alloys [11, 12, 14-18, 26], and have been 
attributed to slip in the individual phases as well as across the interphase boundaries. 
Over the years, considerable research has been performed examining and seeking to improve the mechanical 
properties (including low temperature creep) of two-phase alloys [27].  In many of the applications where use 
of titanium is attractive, low temperature creep is an important factor, where low temperature is defined as less 
than 25% of the melting temperature (1941 K for Ti).  Creep is an important consideration in high-pressure 
vessels, aerospace components, structural components [28] and artificial joints such as hips or knees [4].  Given 
the importance of reliability in these cases, it is vital to understand the deformation mechanisms of Ti alloys 
under these conditions.  In this sense, the tensile strength and creep resistance of the two-phase Į + ȕ Ti alloys 
are dependent upon a number of parameters such as microstructure, the properties of the component phases, 
interactions between phases, and the ȕ-phase stability. 
In addition to creep deformation leading to creep failure, creep deformation can also affect other failure 
modes such as fatigue failure and stress corrosion cracking [9].  This is due to the fact that low temperature 
creep deformation can result in such features as twins and martensite [19, 22, 29-33], which are not seen in the 
respective single-phase alloys of equal composition, and which can act as fatigue crack initiation sites.  To 
address some of these issues, Ankem et al. have made significant advances in understanding the low 
temperature creep deformation behavior of two-phase Į + ȕ titanium alloys [29, 31-37].  It has been shown that 
a decrease in grain size results in a decrease in time-dependent twinning and hence a reduction in creep strain 
in single phase Į and ȕ alloys [22, 29, 32], a trend opposite to that observed during high temperature creep [38, 
39].  It was also shown that a fine-equiaxed microstructure is more resistant to creep strain at low temperatures 
than a Widmanstätten microstructure in two phase Į + ȕ alloys, which is also contrary to observations during 
high temperature creep [40].  Most recently, the authors found that an increase in the stability of the metastable 
ȕ phase will result in a decrease in creep strain [41] and that whether the ȕ phase deforms by twinning or by 
martensite formation depends on the volume fraction of the ȕ phase.  These developments are briefly reviewed 
below. 
2. Single-phase alpha titanium alloys 
When an Į-Ti-1.6wt% V alloy with a coarse grain size (225ȝm) was creep deformed in tension at a stress 
level of 95% yield stress at 298K, time-dependent {101¯ 2} type twinning was observed [29, 33].  Similar 
phenomena were also observed earlier in a coarse grained Į-Ti-0.4wt% Mn alloy [30].  This phenomenon is 
contrary to the conventional understanding of twinning where the twin growth rates are expected to approach 
the speed of sound.  The activation energy for twin growth is often much less than the activation energy for 
nucleation so twins have been previously thought to grow to their final lamellar thickness almost 
instantaneously[42, 43]. 
Experiments were performed by Ankem & Oberson [33] to determine the activation energy of the creep 
process from all deformation mechanisms which contribute to creep.  The activation energy was found to 
increase from a value of approximately 38 kJ/mol at low strain (<0.2%) to approximately 47 kJ/mol at higher 
strain (4%) [33].  This was the first time that the activation energy for creep has been calculated for an Į-
titanium alloy that deforms by twinning.  The change in activation energy suggests a potential change in the 
rate-controlling creep deformation mechanism, from predominately slip at the beginning of the deformation 
process to a mixed mode consisting of slip and twinning [33].  This suggestion is consistent with the fact that 
the value of the activation energy for deformation of Į-titanium when slip is the predominant deformation 
mechanism was found to be 30 – 40 kJ/mol [33]. 
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3. Single-phase beta titanium alloys 
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single-phase ȕ alloy discussed in Section 3, twi
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5. Summary 
Given that the diffusion of oxygen, and hence the rate of twin growth in Į and ȕ titanium alloys, depends on 
the number of interstitial sites occupied by oxygen, these results suggest a variation in the amount of oxygen in 
the alloy can have a significant effect on the amount of room temperature creep deformation.  Further, the 
twin/matrix boundary can act as a nucleation site for fatigue cracks and other deformation mechanisms which 
would have another direct effect on the structural integrity of titanium components.  Since this behavior is 
similar in both HCP and BCC crystal structures, this suggests that the models presented here are broadly 
applicable to describe the effect of interstitial impurities on twinning during creep of many crystalline materials 
such as metals, intermetallics, ceramics, and high-temperature super-conductors with a variety of crystal 
structures; where impurities can play roles in deformation mechanisms. 
In two-phase Į + ȕ Ti alloys, many factors contribute to the possible deformation mechanisms during low 
temperature creep; including grain size, ȕ-phase stability, elastic interaction stresses, and crystallographic phase 
orientation relationships.  The mechanisms in the two-phase Į +ȕ alloys included slip and twinning in the Į-
phase, and slip, stress induced martensite, and twinning in the ȕ-phase.  It was shown that new deformation 
mechanisms not seen in the respective single-phase alloys, such as stress induced martensite, can be explained 
by the interaction stresses between the two phases and the increased creep strain of Widmanstätten 
microstructures can be explained by these new deformation mechanisms as well as by the orientation 
relationship which exists between the two phases.  In the future, the most important factor to predict and design 
multi-phase alloys for increased creep resistance, will be the control of the interactions between phases, which 
in turn depend on all of the factors discussed. 
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